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ABSTRACT 
The purpose of this study was to investigate the 
anodic oxidation of crotonic acid in basic solutions. 
Potassium hydroxide solutions of pH 12.3 and KOH-K 2 co 3 
solutions of pH 11.5 and 10.5 were used. The investi-
gation was carried out on platinized-platinum anodes at 
80°C. 
ii 
Experimental studies were conducted to determine the 
effects of crotonic acid concentration, pH, and tempera-
ture on the current. Faradaic efficiency was determined 
by analysis of C0 2 (as co 3=) produced and was approximately 
100 .per cent. 
The results were interpreted in terms of a mechanism 
having the following characterist±cs: 
1. The first electron transfer is the rate determining 
step. 
2. Hydroxyl ion scharge is the rate determining step. 
3. Oxidation occurs under Langmuir adsorption condi-
tions with a four point attachment. 
4. Ionized crotonic acid is the reacting species. 
5. The rate is proportional to the electrode surface 
free of adsorbed crotonic acid species. 
following 





( OH'" (ads) + e 
Cr-(ads) + OH"( 
i 
) 
4 co 3 = ) 
+ 16 H (1) + 18 e 
The rate for the current was: 
i = nF(k ) (1 -
k = rate constant 
= of adsorbed crotonate 
ACKNOWLEDGEMENTS 
The author wi to thank Dr. J.W. Johnson, As 
of and Research As 
for his , and 
during the course of s He also wi 
to thank Dr. W.J. James for his ass 
ass 














LIST OF FIGURES 

































































Faradaic efficiency for the 
ox±dat~on • . . • • • • • .. • • ~ • 
Exchange .. .. • • 
Current..;;potential relationships . • • • 
Effect of crotonic acid 
concentration • • • 
E£fect of pH • .• • 
Activation energy 
. . . . 
. . -. 
B. Postulation of Reaction . . . . 












the Proposed Mechanism • • .. • • • 4 2 
1. Current-potential relationship . • • • 42 
2. pH relationship .. • . • • • • . • .. • 43 
·3. Current-concentration stud~es .. .. • • 44 
V. RECOMMENDATIONS . . . . . . . . . . . . 47 
48 BIBLIOGRAPHY • . . . . . . . . . . . . 
APPENDICES 
A. Symbols . . . . . . . . . . . . . . . . . 
B. Materials . . . . . . . . 
50 
52 
c. Apparatus .. • • • • • . • • • .. • • .. • .. 54 
D. Data .. . . . .. . . . . . . . . . . 55 
E. Barium Analysis .. .. • • • .. • • • .. • • • 68 
V!.TA · • • ·• •. • • • • • ·• •. • • • • •. • •· • • • 7 :Q 






4. Tafel curves for 





0 .. 01, 0. 03, and 0.1 M) .. .. .. 
5. Tafel curves for 
1.1 M KOH {pH 12.3) 
acid 














0 .. 01, 0 .. 03, 
and 1 .. 0 
on 
in 
80°C ..... 12 
. .. 15 
.. .. • • 16 
.. • .. .. 19 
• .. • 20 
• . . 21 
.. • .. 22 
. • . . • • • . 23 
• • • • 24 
37 








LIST. OF TABLES 
Current-potential relationships for 
crotonic acid oxidation .in KOH 
(pH = ~2.3). at &0°C on plat~nized-
platinum electrodes ........ . 
Current-potential relationships for 
crotonic acid oxidation in KOH 
{pH = .3} 80°C on platiniz 
. . . . 
platinum electrodes ........ . . . . . . 
Current-potential relationships for 
crotonic acid oxidation in KOH 
(pH = 11.5) at 80°C on platinized-
platinum electrodes.. • • . • . 
current-potential relationships 
crotonic acid oxidation in KOH 
(pH = 11.5) at 80°C on platinized-
plati:num electrodes •••.•••. 
Current-potential relationships for 
crotonic acid oxidation in KOH 
(pH = 10.5) at 80°C on platinized~ 
pla t .inum electrodes. .. • • . • • • 
Current-potential relationships - £or , 
·crotonic acid • oxidation in KOH 
(pH = 10 .. 5) 80°C ·platinized-
p1atinum el.ectrodes. • • • .. .. • • 
.. . . . 










The study of the electrochemical 
ac was undertaken as a 
gram to obtain kinetic data for 
structure. 





which have been 
, oxalic 
The information in such an overall 
can pos be utilized for 
use. s that are are 
mostly. gases due to 
cost of sure to 
of as well as the hazards that 
1 
u.s.. has 
the development and 
which would use a 
awarded a 








of fuels such as methanol, 
Because some of these fuels tend 
are to a 














run was made in basic 
organic which not react 
solutions. ( 2 , 3 ) 
The ect of was to 
a mechanism for the anodic of 
z latinum e in 



















s do not ze com-
to C0 2 and water. For 
scussion will be on the 
reason, the 
of 
of , oxal , and 














to the extent 
(4) 
HCOOH (sol) 
HCOOH ( ) 
HCOO ( ) 
H ( ) 
In 
was rate 
to the anode . 
the 
the fol 
HCOOH ( ) 
HCOO(ads) + H( 
C0 2 (g) + (ads) 







, 0.3 to 0.6 (3) 
, 0.001 to 1.0 N. 
4 
Fleichman, Johnson, and Kuhn(S) data at four 
( , 45, 70, and 90°C) that two 
uLo;;:; ...... .~..~.= .LJ....I.. sms .. The 
with the the low The 
elec-
at 
Tafel s was 2.3 RT/aF, 
tron transfer rate 
90°C was 2.3 RT/F, 
fer rate determining 
to a 
The Tafel 
to a two electron trans-
Kuhn felt a two electron 
transfer was 
in the varying 
that a pass 
be 
B .. Acid 
Johnson, Wroblowa, and 
at 80°C 
at constant ionic 
trades .. 
70 
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lts. Currents 
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on the electrode. 
s(6) 
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was 97 ± 5 
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2 .. 0 the rate 
was 33 .. 4 
were 
c 4 ( ) 
OH .. ( ) + (so 1) + e 
OH · ( + e 
c ) + OH .. ( 
The rate was 











D. Crotonic Acid 
Cannaday(S) reported studies of the anodic oxidation 
of crotonic acid in acidic solutions on platinized-platinum 
electrodes at ao<>c. The Taf:el slope obtained was 160 milli-
volts which was interp r eted as 2.3 indicating the 
first electron trans.fer as the rate determining step . 
. Values of (a iog ~ ·· ) were found to be :...o .191, -0.087, 
a ~g A 
and -0.288 at pH • s of 0. 3, · ~ •. 0 , . and 4. 0 respectively. The 
negative s indicate a competi t ion on the ele c trode 
surface for adsorption sites and that something other than 
crotonic acid, or one of its derivatives, is involved in 
the rate determini!lg step. 
The current density was not a ppreciably by 
varying the pH between 0.3 and. 2.0. However, raisi:ng the 
pH above these values _ gave a marked increase in current 
density. 
This inconsistent with the Of acid 
oxidation which showed a. constant cha:nge in current den-
sity with pH over the .entire range studied. The fact that 
crotonic acid oxidized in both acidic and bas~c solutions 
indicates both i onized u n ionized 
taki:ng part in the reaction. 
To account for the ex.perimental observations, the 
following mechanism was propo:sed: 
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) ( 20) 
s 1 
= 
These 1 as 
of 
to the current so 1 due to 
low 
one attachment of 






ss the sm was 
= k1Cw(l - e1 ( + 




K1 and K2, was found 
current dens 
9 
versus concentrations.. The difference was attributed 
mainly to the assumption of the Langmuir isotherm. Another 
source of error proposed wa:s the pH in the double-layer. 
Since 'hydrogen ions are produced in the reaction, it is 
possible the pH double-layer might con-
sider'ably from the bulk pH used in the rate expressions. 
E. Ethylene 
Green, Weber, and Drazic(ll) studied the electrochemi-
cal oxidation of ethylene on platinized-platinum electrodes 
in 1 N NaOH. The Tafel relation was found to hold for the 
potential range, ~0.4 to 0.0 volts (NHS); the slopes varied 
from 155 to 300 millivolts (per decade). Currents from 
this oxidation never reached a completely steady state. 
The h:igher slopes, which are not readily explained in elec-
trochemical processes, were obtained from plots using 
value~ of currents taken 5, 10, 30 minute intervals 
after a . constant potential was impressed on anode. 
Atone .hour intervals, the data resulted in slopes of 
160 millivolts. 
There was no s;ignificant influence of. ethylene partial 
pressure the currents recorded, i.e., ( a l~g i/ap)E = 0. 
P-re-electrolysis (removal of impurities from the 
electrolyte} did not effect the. value of the· res·t poterit·ial 
but. did the values of the observed currents with 
current with no pre-electrolysis. 
10 
The faradaic efficiency for seven determinations was 
found to be approximately 100 per cent. Four of the 
determinations were made coulometrically and three were 
made by titrating the carbonate. 
The Tafel slope of 160 millivolts corresponds to 
2.3 RT/a.F indicating a first electron transfer rate deter-
mining step. No ethylene pressure dependence indicated 
a rate determining step involving neither ethylene nor any 
of its derivatives.. The mechanism proposed which best 
explained the data was: 
OH-(sol) rds 
C2 H4 (sol)---+ 
oH· (ads} + e 





In a later study by Wroblowa, Piersma, and Bockris(l2 ), 
a current-pressure dependency was reported for both acidic 
and basic solutions. They proposed the rate determining 
step as the discharge of water molecules over the entire 
pH ra~ge 0.3 to 12.5. 
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Figure 1. Sketch of the pyrex glass cell used in the oxidation 




A reference electrode was connected to the 
ment through a 1.0 N K2 so 4 salt , a water-sealed 
stopcock, and a The 
closed. The reference electrode was 2 so 4 with 
1.0 N K2S04 
contained for the purge. The com-
partment was thermostated at 80 ± 0.5°C 
couple probe, 
Heat was suppl by a 
control 
anode compartment. The and cool 





2. The electrodes. The electrodes were made of 
52 mesh platinum gauze 
support. The platinum lead 
on platinum frames for 
s were sealed four 
millimeter glass tubes. The electrodes were zed 
using a platinic chloride solution to which a trace of 
acetate had been The all 
static had a surface area of 20.8 
3. A electrometer was 
used to measure the difference between the anode 
and The current and rest 
were recorded on an ammeter. For 
, a was used 
14 
to a constant on the anode. Power for 
constant current 
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Figure 3. Diagram of the apparatus used for galvanostatic studies in 
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2. The rest 
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constant s a res 
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Figure 4. Tafel curves for crotonic acid in KOH solutions 
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Figure 5. Tafel curves for crotonic acid in KOH solutions 
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Figure 6. Ta f el curves for crotonic acid in KOH-K 2C03 mixtures 
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Figure 9 . Tafe l curves for crotonic acid in KOH-K 2co 3 mixtures 



















All s are referred to the normal 
at 80°C. 




E = anode } 
= 
E = measured 
m between the 
electrode and anode, volts 
value of used was 0.642 volts for the 
{1 .. 0 N so'+) .. 




For 12 .. 3 the was made KOH and 
The of var 
26 
(26) 
from 0.01 to 1.0 M KOH was to make 
the 1 .. 0 N after the ac was neutralized 
to crotonate. For a 0.1 N 
, a of 1.1 N KOH was used. For 
the mixtures of KOH, K2 C0 3 , and crotonic acid, the 
followi;ng expression was used: . 
where, 
KOH = required concentration of KOH, . gmols/l.iter 




Kz = reciprocal of the second dissociation constant 
= 1. s x 1o ·l o 
H = desired hydrogen ion concentration, gmols/liter 
Kw = the ionization constant for water at 80°C 
= 4.8 x 1o-13 
A restriction on equation (27) is that the solution must 
be 1 .. 0 Min total KOH + K2co 3 • In the pHl0.5 solutions, 
it was not possible to meet this restriction and the con-
centrations necessary were calculated with a modified form 
of the above equation. Substituting values for pH = 11.5 
and CA = 0.1 M 
KOH = 0 .. 1 [ ( 1 . 5 x 1 0 l o.) ( 3 . 16 x 1 0 -1 2 ) + 1 ] + 
4.8 X lQ-13[.(1.5 X lolO) (3.16 X 10-1 2 ) + 1] 
3.16 x 1o-12 
- ( (1 .• 5 X lQl .O) (3 .. 16 X lo-1 2 )] 
c 
The 
KOH = 0. 21 M 
K 3 = 1.0 - 0.21 = 0.79 M 
3. 
amount of C0 2 
The anode 
is: 




= C0 2 formed for 
i = current, 
t = 
F = 





constant = 96,500 
ly was 
of 0 .. 01 M ETDA 
28 
for the 
(1) + 18 e 
of 
from 
( 2 8) 
the 
( 2 9) 
I 
29 
The efficiency is defined as the actual 
amount of C0 2 formed the the 
amount formed for the 
Substituting values: 
= = 7.96 x lo-4 
= 8.36 x lo-4 s 
eff = 
4. The reversible electrode 
which would exist across the 
metal-solution if the took rever-
s , i.e., small current f 
An would the 
maximum eff 
work could be 
maximum work is 
at constant and pressure. 
The state rest 
to the revers It has been found, 
the revers and rest s ffer 
for most This 
currents 
are usual assoc When the 
, rather than the 
30 
control the rest The value of the rever 
To 






because is used cal-
current and the true 
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mated as -0.06003 
for the 
4 (g-) + c 
was as 309 .. 21 the 
of to form carbonate was 
also The free for the 
4 co 3 = ) + (1) + 18 e ----4 C (c) + 26 ( 
was as 363 .. 05 
was 
the s 
E 9 = (30) 
where, 
0 
E298 = standard electrode at 298 
= free of the 
n = number of 
F = constant = 23,060 














The standard at 353°K was then 
the constant over the 
298 to 353°K: 
o o 3E 
E 53 = E2g + AT 
p 
at the 









E353 = reversible electrode potential, volts 
= activity of co 3 = gmols/liter aco3 = , 
aOH- = activity of hydroxyl ions, gmols/liter 
aCA = activity of crot,o>nic acid, gmols/liter 
Concentrations were substituted for activities in the 
above equation to evaluate the reversible potential. 
The concentration of dissolved C0 2 (Co 3=) at the 
electrode was assumed to be controlled by diffusion of 
co 3 = away from the electrode and was estimated by the 
expression: 
where, 
i = current density 
= 1.51 x lo-s amp/cm2 
z = electrons transferred/gmol C0 2 
= 4.5 
F = Faraday constant 
= 96,500 coulombs/gm equivalent 
D = d~ffusivity of C0 2 
= 2 x 10- 5 cm 2 /sec 
6 = thickness of diffusion layer 







of co 3= at 
co 3= bulk assumed 




= 1 .. 74 x 10- gmol 
The revers can now be 
values for the case where pH = 3 and 
was 0 .. 1 M.. The 
was not evaluated at 's of 11.5 or 10.5 
were not made these 
0 
Ezga = (-363,050)/(18) (23,060) = -0.872 volts 
aE 
= (-60 .. 03)/(18) (23,060) = -1 .. 45 X 10- 4 
p 
0 
53 = -0.872 + 55{-1.45 X -4) = -0.880 volts 
53 = -0 .. 880 + = 
= -8 .. 880 + (0 .. 0156) (-5 .. 240) - (0 .. 101) (-1 .. 2) 
-(0.00 9) (-1.0) 





The d~scussion of the results of this £nvestigation 
includes the following topics: (1} experimental results, 
(2} postulation of reaction mechanism, and (3) correlation 
of experimental results with the proposed mechanism. 
A. Experimental Results 
1. Faradaic efficiency for the oxidation. The reac-
tion was found to yield C0 2 (or CO ) with approximately 
100 per cent efficiency. The overall reaction ~n basic 
solution is: 
C4H602(c) + 26 OH-(sol) 
4 co 3 =(sol} + 16 H2 0(l) + 18 e 
(or C4H5o2 -(sol) + 25 OH-(so1) - .......... _....,... 
4 co 3 =(so1) + 15 H2 0(l) + 18 e) 
(35a) 
(35b) 
The observed efficiericy indicates that essentially no side 
reactions are taking place and the products are co 3= and 
water. Additional support is lent to the above reaction 
by gas chromatographic studies. Analysis of the electro-
lyte before and after electrolysis_ gave no evidence of a 
by..:..product remaining in solution. The faradaic efficiency 
studies were carried out in 1.1 M KOH and 0.1 M crotonic 
acid. 
35 
2. Exchange current densities. The reversible poten-
tials at 353°K for crotonic acid concentrations, 0.01 to 
1.0 M, were estimated to be -0.8~3 to -0.811 volts in 
1 M KOH (pH 12.3). Extrapolation of the linear section 
of the Tafel plots to their respective revers potentials 
gave exchange current densities of approximately 10;... 8 
amps/cm 2 • Exchange current densities of the same magni-
tude have been previously reported for the oxidation in 
1.0 N H2 so 4 of ethylene(l4 ), crotonic acid(l5), and maleic 
acid(l6 ). For ethylene oxidation in 1 M NaOH, (reversible 
potential equal to -0.85 volts} an exchange current of 
5 x 10- 9 amps/cm 2 has been reported. (l?) 
3. Current-potential relationships. Semi-logarithmic 
plots of current versus potential are shown in Figures 4 
to 9. A linear Tafel region is found in each case and 
extends from approximately -0.308 to 0.0 volts. The Tafel 
slopes range from 165 to 210 millivolts per decade of 
current, increasing as the pH increases. 
As the potentials approached zero, the upper limit 
of the linear Tafel region was reached. Ohmic overpoten-
tial probably caused the initial non-linearity, but the 
slope soon began to increase at a more rapid rate. This 
could be due to either of two reasons, depending on exper-
imental conditions. First, at this potential basic 
solutions, platinized-platinum electrodes passivate due 
36 
to oxide coverage; this was the most reason for 
the rapid the slope of the curve. Another 
cause for such an upper limit would be a 
rate of crotonate ions to the anode .. 
4.. Effect of crotonic acid 11 
is a of current dens versus concen-
tration for pH's of 10.5, 11.5, and 12.3 at a 
of -0.10 volts. The slopes of the curves vary and 
show little concentration This could be 
buted to the species cro-
tonate ions. As soon as a across 
the , the crotonate ions are 
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Figure 11. Dependence of current on pH at constant 
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Figure • Dependence of current on crotonic acid 
concentration at constant potential 
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for the must con-
A. 
transfer , s 
ca. 2 .. 3 
2 .. Involve species other than adsorbi!lg crotonic 
acid or any of its. derivatives to satisfy the 
negative concentration effect 
3. Show a re.acti vi ty of the ionized ·crotonic acid 
40 
Considering the negative concentration effect first, 
Bockris, et al. (20 , 21 ) ha.ve previously proposed that such 
an effect in hydrocarbon oxidations could be associated 
with either the discharge of water or hydroxyl ions. At 
the pH's of the present study, the hydroxyl ion would prob-
ably be the principal reacting species:< 22 ) 
OH-(sol) OH. (ads) + e (36) 
Cannaday< 23 ) proposed a mechanism for the ·oxidation of 
crotonic acid in acidic solutions which involved the dis-
charge of water (or OH-) as the rate determini!lg step. 
This mechanism also contains the characteristic& essential 
for the reaction in basic solutions. Thus, for this study, 
the overall reaction sequence can be represented as: 
HCr(sol}~ H+(sol) + Cr-(sol) 
Cr- (soT)..;..___ Cr- (ads) 
OH-(sol) rds oH·(ads) + e 






tion) as the rate , the rate 
of acid as: 
(40) 
where, 
6 = rate constant for (36) 
9tot = of adsorbed on 
the electrode 
At , the of OH s is 
low; ( 24 ) thus, the coverage be as 
, or (1 9 ) = (1 -tot 
The assumed 
mental The 
the change in rest 
of Four of are 
for each mole of acid used; therefore, is 
that some the 
sm. The and water are the i-
ble ones these the 
As crotonic reacted where the cro-
tonate ion was the must be 
42 
C. Correlation of Experimental Results with the Proposed 
Mechanism 
In this section the proposed mechanism and rate 
equations will be viewed in light of the experimental 
data. 
1. Current-potential relationship. Taking the loga-
rithm of both sides of equation (40): 
Differentiating E with respect to log i (holding other 
variables constant and assuming ex. = 0.5), the following 
Tafel slope is obtained: 
aE 
a log i = 
2
·3 RT = 2 (2 .• 3 RT/F) = 140 mv 
cx.F 
The observed Tafel slopes were 165 to 210 mv. There are 
two possible explanations for this crepancy. First, 
it has been shown{ 25 ) that the Tafel slopes vary with time 
when true steady-states are not attained. Slopes from 
155 to 300 mv have been obtained by varying the time of 
electrolysis at each potential to reaching a steady-
state. Secondly, the slope is dependent on the value 
assumed for a. For a large number of electrochemical 
reactions,a has been found to be about 0.5. However, 
instances been reported( 2 G) where a had values as low 
as 0.2. These low values are usually associated either 
with various inorganic ions, e.g., Cl-, ~i+, and K+, or 
43 
pH's . greater than seven; both of which are conditions 
existing in the present case. Values of a from 0.33 to 
0.42 would account for the Tafel slopes observed here. 
It should be noted that the greatest theoretical paten-
tial dependence for an activation controlled reaction is 
associated with the first electron transfer, i.e., 140 mv 
for a = 0.5. In the absence of some anomaly, there is no 
mechanistic way of accounting for the high slopes. 
The temperature studies also support the decreased 
value of a. A relationship can be der~ved involving the 
change in activation energy with potential: 
-aF 
As mentioned previously, changes of activation energy 
with potential were not observed in this study which 
infers low values for a. 
( 41) 
The Tafel slopes reported by Cannaday( 2?) were 160 mv 
and were assumed to result from the first electron dis-
charge. This further supports the first electron discharge 
being used here as the rate determining step. 
2. pH relationship. Current-pH values calculated from 
equation (40) are plotted in Figure 11 along with the exper-
imentaL data. The values were calculated by considering 
a FE the term [nFk 36 (1 - eA)exp( RT)] constant at a given poten-
tial over the entire pH range studied. Equation (40) 
then becomes: 
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i = (constant) ( ) ( 42) 
The constant was with the current value at one 
pH. Then currents at the two 's were 
From the rate can also be that: 
= 1 
This to a 0 .. 7 
3 .. 
is rate 




K = librium constant for the 
( 3 8) 
s = the number of s 
crotonic 
values for K 
ac 
11.5, and 12.3. At a constant 
bF~C'!("lmP S : 











For a 1 M crotonic acid solution, k' was evaluated with 
a value of i taken from the Tafel plot for each pH. 
Using the value for k' and coverages calculated from 
equation (43), values of i at various concentrations for 
the different pH's and a given K and s were predicted. 
These theoretical values of i versus concentration are 
plotted in Figure 12. The experimental values of i are 
also plotted for comparison. The agreement is considered 
satisfactory. There existed a possibility of error both 
in the assumption that eA was constant and because the 
described correlation is particularly sensitive to the 
initial current values used. The best correlation between 
theoretical and experimental data was for K = 1.0 and a 
four-point attachment (s = 4). For K = 1.0, the coverage 
of crotonic acid on the electrode was determined to be 
>0.8. 
In all the correlations, the Langmuir isotherm ~vas 
assumed to apply. The Langmuir isotherm is applicable 
under the following conQitions: 
a. All the surface has the same activi for 
adsorption. 
b. There is no lateral interaction between 
adsorbed molecules. 
c. All adsorption occurs by the same mechanism. 
d. Heat of adsorption does not change with 
coverage. 
e. are such that > 0.8 or < 0.2 .. 
It is that 
Therefore, error may have been 
to the assumption of the i 
therm is commonly used because it is the 
can be readi fitted into 
other isotherms only re 







In the interest of further study of the 
1) 
of in bas solution: 
should be 
to check and 
solutions. 
out on other 
2) Studies out on crotonic 
acid compounds should 
contributions of the 
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a = activity of 























9 = state 
HCr = 
i = current 
K = constant 
k = rate constant 
1 = state 
NHS = 
n = number of electrons trans 
p = sure 
R = constant 
= rate 
s = an 
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The followi~g is a list of the materials and reagents 
used in this investigation. A detailed analysis of the rea-
gents may be obtained from the chemical catalogue of the 
respective supplier. 
1. Acid., Hydrochloric. Reagent . grade, Fisher 
Scientific Company, Fairlawn, N.J. 
2. Acid, Sulfuric. Reagent grade, Fisher Scientific 
Company, Fairlawn, N.J. 
3. Acid, Crotonic. Practical . grade, Matheson, 
Coleman, Bell Company, Chicago, Illinois. 
4. Mercurous Sulfate. Reagent grade, Fisher 
Scientific Company, Fairlawn, N.J. (used in reference 
electrode} . 
5. Potassi·um Hydroxide. Reagent . grade, Fisher 
Scientific Company, Fairlawn, N.J. 
6. Potassium Sulf'ate. Reagent . grade, Fisher 
Scientific Company, Fairlawn, N.J. 
7. Ethylenediaminetetraacetate (Disodium SaTt). 
Reagent . grade, Fisher Scientific Company, Fairlawn, N.J. 
8. Zinc Sulfate. Reagent grade, Fisher Scieritific 
Company, Fairlawn, N.J. 
9. Potassium Carbonate. Purified grade, Fisher 
Scientific Company, Fairlawn, N.J. 
10. Ammonium Chloride. 
Scientific Company, Fairlawn, N.J. 
11. 
Scientific Company, , N.J. 
12. Barium Acetate. 
Chemical Company, Phillipsburg, N.J. 
13. Petroleum Ether.. Reagent 




, J .. T. Baker 
APPENJ;~~IX C 
APPARATUS 
The following is a list of the principal components 
invesitiga t ion .. 
1.. Electrome:t -er. Mo.del 610B, Keithly Instruments, 
Incorporated.; Cl.eveland, Ohio. 
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2. Glass Cell. Designed by Dr. J. W.. Johnson, u .. of 
.. at Rolla , builtby Mr. R .. Wren, u .. of Mo. at Columbia .. 
3 .. . Potentiostat .. Wenki!lg, ac .. Brinkman Instruments, 
Westbury, N.Y. 
4.. Power su;eply. 0-500 v, · o-100 ma, Model 711A, 
Hewlett-Packard Company , Palo Alto, California. 
5. Power .Sup;ely .. 0-500 v, 0-10 amps, Gates Electronics 
Company, New Y~rk, N.Y .. 
6. Recorder. 0-1·. 0 ma, Model W-7114,. Est·erline A~gus 
Instrument Company, Indianapolis, 
7. Variable Resistance. Graduated from 0 to 99.9. 0 
ohms in one ohm divisions. Central Scienti.fic Company, 
Chicago, Illinois. 
8 .. 0-14 0 v, 60 c, Standard 
Electrical Products Company, Dayton, Ohio. 
9 · - Temperature Controll'er. Y~I Th·ermist'emp, Model 71, 
Ye-l :low Spri!lgs Instrument Company 1 Yellow Springs 1 Ohio .. -
10. YSI 415, Yellow Springs 
Instrument Company, Yellow Springs, Ohio. 
APPENDIX D 
DATA 
The followi:ng tables include the time. dependency of 
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the ourre:nt..-potential The ·potential listed 
is tJ:iat actually electradepotential (NHS) 
is. ·calculated as sho"wn <in the sample ·calculations. The 
listed current can be · ·conver-ted to curre.n·t density by 
dividi:ng the geometric surface of the electrode .. 
The· dash marks· ·C-) indicate that the. current had reached 
a steady value· at the previous. :entry and further readi:ngs 
wer·e not taken. The point at which a limiting current was 
obtained indicated the work 0 limit" in tables. 
The stars .(*) indicate that no currents . were measurable at 






























CURRENT-POTENTIAL RELATIONSHIPS FOR CROTONIC ACID 
OXIDATION IN KOH (pH = 12.S) at 80°C 
ON PLATINIZED-PLATINUM ELECTRODES** 
Croton1c acJ..d concentratJ..on 
Potentialt 1.00 M 0.30 M 0.1 M 
volts Current Current Current 
rna 
1.00 0.220 * 0.100 
1.00 0.190 0 .. 060 
1.00 0.160 0.950 
1.00 0.140 
1.00 0 .. 130 
0 .. 950 0.350 0.480 0.320 
0.950 0.270 0.130 0.250 
0.950 0.240 0.100 0.210 
0.950 0.220 0.100 0.190 
0.950 0.200 0.110 0.170 
0.900 0.480 0.460 0.470 
0.900 0 .. 420 0.380 o·. 4ro 
0 .. 900 0.380 0 .. 360 0.360 
0.900 0.350 0 .. 330 0.340 
0.900 0.330 0.310 0.320 
0.850 0.770 0.790 0.790 
0.850 0.680 0.710 0 . . 71,0 
0.850 0.610 0.660 0.650 
0.850 0.560 0.610 0.610 
0.850 0.540 0.580 0.580 
0.800 1.30 1.40 1.35 
0.800 1.10 1.35 1 .. 15 
0.800 1.00 1.30 1.00 
0.800 0. 800. 1.25 
0.800 0.750 1.20 
tVersus Hg-Hg2S04, 1.0 N K2S0 4 electrode. 









































0 .. 650 
. () .650 
0 • . 650 
0 .. 650 
600 
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TABLE I (continued) 
C:t:rotonic acid concentration 
l.UO M 0 •. 3-0 M 0.10 M 
cu·rr.ent CUrr.ent Current 
.ma ,. 
1.70 
1 .. 60 
1.50 
1 •.40 
2 ·;. 75 
2 .. 80 














3 .. 00 
5 .. 20 
4.80 
4 -.50 
4. 30 . 
4 .. 20 . 
limit 
ma 
1 .. 95 
1.75 
1 .. 55 
1 .. 50 
1 .. 45 
. 2 .. 70 
2.60 
2 .. 50 
2 .. 45 
2.40 








































1 .. 000 
1.000 
1.000 
1 .. 000 
0.950 
0 .. 950 




0 .. 900 
0.900 
0.900 
0 .. 900 
0 .. 850 
0 .. 850 
0 .. 850 
0 .. 850 
0 .. 850 
0.800 
0.800 
0 .. 800 
0 .. 800 
0 .. 800 






0 .. 200 
0 .. 500 
0 .. 420 
0.370 
0 .. 340 
0 .. 320 
0 .. 750 
0 .. 700 
0.650 
0 .. 620 
0.590 
1 .. 25 
1 .. 10 
1 .. 00 
0 .. 950 
0.900 
, 1 .. 0 N K 4 electrode. 






0 .. 130 
0.100 
0 .. 090 
0 .. 310 
0 .. 230 
0 .. 190 
0 .. 160 
0.150 
0.430 
0 .. 360 
0 .. 320 
0 .. 290 
0 .. 270 
0 .. 700 
0 .. 630 
0.580 




0 .. 900 
0 .. 850 























() ,.650 .. 
0 .. 650 ' 
0 .. 650 
0. 650 
0 .. 6 



















1 .. 65 
1 .. 55 
50 
2 .. 15 
2.00 

























0 .. ••950 
0.950 
0 .. 950 
0 • . 950 
0.950 
0 .. 900 
0 .. 900 
0 .. 900 
0 .. 900 
0 .. 900 









0 .. 800 
0.750 
0 .. 750 
0.750 . 
0.750 




11. .. 5} AT 80°C 
..LJ..'II..L . LJL:.f.L.ii'--.r:;uftm. T''~<TT., . .,." ELECT.RODES-* * 
Crotonic acid concentration 












1 .. 05 
2 •. 15 
2.05 




. 2. 80 
2 .. 55 . 























K2,SO '+· elect rode • 










0 . . 110 











































0 .. 700 
0 .. 700 
0 .. 700 
0.700 
0.700 
0 .. 650 
0 .. 650 
0 .. 650 
0.650 
0 .. 650 
0 .. 600 
0 .. 600 
0 .. 600 
0.600 
0 .. 600 
0 .. 550 
0.550 
0 .. 550 
0.550 
0 .. 550 
0 .. 500 
TABLE III ( 
3.70 
3 .. 30 
3 .. 00 
2.75 
2 .. 60 
4 .. 35 
3 .. 70 
3 .. 30 
3 .. 00 
2 .. 80 
1.45 
1 .. 30 
1 .. 25 
1 .. 20 
1 .. 15 
2.25 
2 .. 05 
1 .. 95 
1 .. 90 
1 .. 85 
3 .. 40 
3 .. 15 
3 .. 00 
2 .. 90 
4 .. 80 
4 .. 40 
4 .. 15 
3 .. 90 
3 75 
1 
1 .. 50 
1.35 
1 .. 25 
1 .. 15 
1 .. 10 
2 .. 20 
2 .. 0 
1 .. 85 
1 80 
1 .. 70 
3 .. 00 
2 80 
2 .. 65 
2 .. 55 
2 .. 45 
3 .. 90 
3 .. 45 
3 .. 10 
2 .. 80 
2 .. 60 
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TABLE .IV 
CURRENT-POTENTI:ALRELA'J.' . i'O~SHIPS FOR CROTONIC ACID 

































. 0. 950 
0 .950 
0.950 
0. 900 . 







0 . 850 
0.850 
0.800 






' 0. 750 
0.750 
0.750 
o .• 240 
0.090 
' 0 •. 060 
0.240 
0.170 
0 .. 130 
0.120. 
0.110 
0 -'. 780 
0.490 
. 0. 380 




. 0. 500 
0.460 
. 0. 440 
0.950 
' 0. 830 
0 -.750 
0.700 
' 0. 650 
tVersus Hg-Hg 2SO~+, 1.0 N K2so 4 electrode. 
**Geometric surface area of electrode = 20 .. 8 cm 2 • 
0 .. 180 






































0 .. 6 
0 .. 650 













1 .. 65 
1 .. 60 
1 .. 50 
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TABLE V. 
CURRENT-POTENTIAL RELAT.IONSHIPS FOR CROTONIC ACID 
































































o .• 060 
0.200 
0.160 









0 .. 490 








0 .. 070 
0 .. 210 
0.180 





0 .. 270 
0.620 
0.550 
0 .. 500 
0.460 
0.430 
tversus , 1.0 N K electrode .. 
**Geometric surface area of electrode = 20 .. 8 cm 2 • 















































0 .. 600 
0 .. 600 
0.550 
0.550 




0 .. 500 
0 .. 500 
0 .. 500 
0.500 
0.450 
, 1.0 N 
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cr.otonic ac:t.d coric,entrat:i.on 
1. 0 0 M 0. 3 0 M 0 .1·0 M 




0 .. 900. 
0.850 
1 .. 65 
1.60 









0 .. 850 











0 .• 950 






0 .. 900 
0 .. 800 


































CURRENT-POTENTIAL RELATIONSHIPS FOR CROTONIC ACID 
OXIDATION IN KOH (pH = 10.5} AT 80°C 




























Crotonic ac1d concentration 













































tVersus Hg-Hg2S04, 1.0 N K2S04 electrode. 















































TABLE. VI (continued) 
Croton1c ac1d concentrat1on 








































This procedure .describes a quantitative analysis 




The test solution was first neutralized with KOH and 
divLded into 100 ml aliquots, each ·containing less than 
5 x 10- 4 . gmols of barium. Ten ml of 0.1 M Zn-complexonate 
and 1 ml of 1 M NH 4 Cl were added to 100 ml of the test solu-
tion. Four milliliters of concentrated NH 40H were then 
added to the sample. After introducing 2 drops of the 
Erio T indicator, the titration is carried out with 0.01 M 
EDTA until the color changes from red to blue. 
B. Calcu·la·tions 
Each ml of 0.01 M EDTA used corresponded to 10=-s . !gmols 
of ·barium. 
C. Reage·nts 
1. 0.01 M EDTA. The di-sodium salt was dried at 80°C 
for 12 hours and then weighed directly as a primary standard. 
For 0.01 M EDTA, 3.721 . gms we~e dissolved in 1000 ml of H2 0. 
2. 0.1 M Zn-complexonate. Equivalent amounts of solu-
tions of EDTA and ZnS0 4 were mixed and brought to a pH 
between 8 and 9 with KOH. To test the balance between the 
two components, 2 drops of Erio T were added to the solution. 
The resulting vif9let color turned to blue with a single 
drop of 0.01 M EDTA, and to red with a single drop 
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0.01 M ZnS0 4 • Finally, the solution was diluted to 0.1 M. 
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